health examinations (including physical measurements, oral examinations and assessments of the following: blood pressure, blood sugar, handgrip and eyesight) and a questionnaire-based health survey (including smoking and drinking habits, as well as ambulatory level, functional level, healthcare access, oral hygiene practice and quality of life) and nutrition survey (food consumption and nutrition intake, dietary habits and knowledge of nutrition issues). Health examinations were measured by a professional investigator and a public healthcare physician, whereas health and nutrition surveys were administered through a selfguided questionnaire. The target population includes individuals residing in Korea, excluding elderly individuals in care facilities, young men serving in the military, jail inmates and foreign nationals. From 37 174 participants aged ≥20 years old, we exclude 21 491 individuals with incomplete responses (do not know or unanswered). We selected 751 patients who responded to the questionnaire regarding a stroke diagnosis from a physician; 14 942 individuals without stroke were assigned to the nonstroke group. From the 751 patients, 51 were excluded because of functional limitations caused by non-stroke conditions, such as fracture, heart disease, respiratory disorder, cancer, visual and hearing impairments, mental retardation and renal failure.
Eventually, 700 patients (weighted sample, 650 429) were enrolled in our study ( Figure 1 ).
| Categorisation
Dependent variables included subjective oral health, the number of decayed teeth (oral health status), as well as toothbrushing frequency, dental screening and utilisation of dental services (oral hygiene practices). With regard to subjective oral health, the questionnaire included the following question: "How do you rate the health of your teeth and gum?" The responses "very good" and "good" were coded as "good (0)", while the responses "neutral" and "bad" were coded as "poor (1)". The number of decayed teeth was determined by the presence of dental caries on the buccal, occlusal, mesial, distal and/or lingual (palatal) surfaces of 28 permanent teeth, as assessed by an experienced public health dentist. The actual number of decayed teeth was used for analysis.
For oral hygiene practices, the following 2 questions were prepared: "Did you brush your teeth yesterday?" and "Please select one option that indicates how often you brush your teeth?" The answers were coded as "one time or never (0)" and "two times or more (1)". The question regarding dental screening was as follows:
"Did you visit a dentist for a dental examination over the last year even though you had no special dental problem?" The answers were coded as "No (0)" and "Yes (1)". For the utilisation of dental services, the question was as follows: "Have you ever visited a dentist over the last year?" The answers were coded as "No (0)" and "Yes (1)". [no problem with independent bathing and dressing (0), moderate problem with bathing and dressing (1) and unable to bathe or dress independently (2)].
| Statistical analysis
All statistical analyses were performed in accordance with the guidelines for KNHANES raw data analysis. 12 
| RE SULTS

| General patient characteristics
The patients' general characteristics are presented in Table 2 compares the oral health status and oral hygiene practices between the stroke and non-stroke groups. Subjective oral health (P < .001) was significantly poorer, while the number of decayed teeth was significantly greater (P < .021), in the stroke group than in the non-stroke group. In addition, the following characteristics were predominant in the stroke group: toothbrushing frequency of ≥2 times (P < .001), no dental screening (P < .001) and no dental visits (P < .001).
| Comparison between the stroke and nonstroke groups
| Oral health status and oral hygiene practices in patients with stroke
The oral health status of the patients with stroke was assessed in terms of the number of decayed teeth and subjective oral health Study subjects (n = 700) ( Table 3 ). In total, 54% patients rated their oral health as poor. The subjective oral health status showed a significant negative correlation with living with family (P = .021), the ambulation level (P = .001) and functional independence (P = .031) and a significant positive correlation with the stroke duration (≥5 years; P = .009). The mean number of decayed teeth was 0.80. The presence of dental caries was significantly and negatively associated with functional independence (P < .001). Table 4 summarises the oral hygiene practices among the stroke patients. A toothbrushing frequency of ≥2 times daily showed a significant positive association with the female sex (P = .001), monthly household income (P = .003), ambulation level (P < .001) and functional independence (P < .001) and a significant negative association with the stroke duration (P = .029). Dental screening showed a significant positive correlation with the male sex (P = .002) and monthly household income (P < .001) and a significant negative correlation with age (P < .001). Utilisation of dental services showed a significant positive association with the monthly household income (P = .006). 1.04-2.27) also showed poorer oral health than did those who had no problems in performing the same activities. Patients who were unable to bathe or dress independently exhibited a significantly higher risk of dental caries than did those who could perform the same activities unassisted. Table 6 shows the results of hierarchical logistic regression analysis adjusted for certain variables (age, sex, monthly household income, living arrangement, diabetes and stroke duration) that was performed to identify the effects of the ambulation level and functional independence on oral hygiene practices ( Table 6 ). The
| Varying effects of the ambulation level and functional independence on the oral health status and oral hygiene practices among stroke patients
Hosmer-Lemeshow test confirmed that the goodness of fit for models 1 and 2, which included variables associated with oral hygiene practices (toothbrushing frequency, dental screening and utilisation of dental services), was acceptable. The probability of brushing teeth ≥2 times daily was 69% lower in bed-bound patients (AOR, 0.31; 95% CI, 0.11-0.87) than in patients who could walk without difficulty TA B L E 3 Oral health status of patients with stroke and 76% lower in patients who were unable to bathe or dress independently (AOR, 0.24; 95% CI, 0.09-0.62) than in those who could perform the same activities without difficulty. The ambulation level and functional independence did not influence dental screening and the utilisation of dental services (P > .05).
| D ISCUSS I ON
The present study investigated variations in the oral health status and oral hygiene practices according to the ambulation level and functional independence in patients with stroke. First, the stroke group showed a poorer oral health status and inferior oral hygiene practices than did the non-stroke group. Previous studies involving stroke patients also reported a significantly lower oral health-related QOL and greater prevalence of periodontitis and tooth erosion in stroke patients than in non-stroke patients. 11, 17, 18 In a study by Dai, patients with stroke reported less frequent dental check-ups. 15 Thus, the finding of inferior oral hygiene practices among stroke patients in the present study was consistent with the results of previous studies. However, a previous study reported a high proportion of stroke patients who brushed their teeth ≥3 times daily. 19 That study included stroke patients undergoing outpatient rehabilitation treatment at a tertiary care hospital, and the higher functional level in those patients than in our patients could have contributed to the high daily toothbrushing frequency. On the basis of these findings, we expected that the oral health status and oral hygiene practices in stroke patients would vary according to their physical activity levels and performed further analyses as described below.
TA B L E 4 Oral hygiene practices among patients with stroke
First, an analysis of the association between the ambulation level and functional independence revealed that self-perceived oral health was poor when the stroke patients had physical limitations or were bed-bound, with a statistically significant difference between these patients and patients without physical limitations. As mentioned above, Dai reported that patients with stroke did not frequently receive dental check-ups. 15 These findings were consistent with the findings by Marino, who documented a negative correlation between the physical health-related QOL and the subjective oral health status. 20 However, Lee reported no association between the subjective oral health status and the walking time 21 ; this result is attributable *P < .05, **P < .01, ***P < .001.
TA B L E 6 Variations in oral hygiene practices linked with ambulation ability and functional independence
Toothbrushing Oral examination Use of dental service *P < .05, **P < .01, ***P < .001.
Model 1 AOR (95% CI)
Model 2 AOR (95% CI)
Model 1 AOR (95% CI)
Model 2 AOR (95% CI)
Model 1 AOR (95% CI)
Model 2 AOR (95% CI)
to the fact that the ambulatory level was based on the walking time only. With regard to functional independence, patients with functional limitations perceived their oral health to be poorer than that of patients without stroke, with a significant difference between groups. Jensen also reported that a poor subjective oral health status was negatively correlated with ADL. This indicated the necessity for more dental care, 22 as indicated in the present study. While the number of decayed teeth was not influenced by the ambulation level of stroke patients in the present study, it was significantly higher in patients who were totally dependent for physical function than in independent patients. Some previous studies also reported a higher prevalence of dental decay and periodontitis, which resulted from a high plaque index, in patients who were unable to perform ADL independently. 23 These findings also support the findings of the present study. Collectively, the above findings underline the requirement for home-based oral care services provided by oral health professionals for stroke patients with limited ambulation levels and functional independence. In particular, regular oral examinations for those who can neither walk nor perform daily functions are absolutely necessary.
Second, in the analysis of the association between oral hygiene practices and the ambulation level and functional independence, the daily toothbrushing frequency was found to be lower in functionally dependent patients than in independent patients. These results are consistent with the findings of previous studies. Arai reported a positive correlation between the degree of ADL dependence or physical function impairment and the daily toothbrushing frequency. 24 Hunter also reported that difficulty in cleaning teeth was associated with the degree of disability in stroke survivors. 25 In and personal hygiene. 26 The teeth of stroke patients who are completely dependent for ADL are brushed by caregivers, including family members. 27 Moon reported a lower frequency of daily toothbrushing when the patents were dependent on their caregivers for toothbrushing and that the frequency of daily toothbrushing in functionally dependent elderly individuals was positively correlated with the caregivers' perceptions and knowledge regarding oral health. 28 In addition, Yu found a significant decrease in the plaque index and gingival index after caregivers received training in oral hygiene instructions. 29 Toothbrushing is a common plaque control measure and the most fundamental and effective measure to prevent periodontal disease and dental decay, which are mainstream oral health issues. 30, 31 For the promotion of oral hygiene practices among functionally dependent stroke patients, systematic oral health training is necessary to help caregivers in improving their perception and knowledge about oral health. More importantly, training in the appropriate toothbrushing technique is essential. Although the associations of physical activity levels with dental screening and the utilisation of dental services were not statistically significant, access to oral health care was lower in patients who were totally dependent for ambulation and given physical functions. Thus, it is likely that stroke patients tend to perceive their oral health as poor in correlation with their functional dependence.
However, their impaired ambulation likely prevents them from obtaining necessary dental examinations and care services. These results are supported by those of previous studies reporting a positive correlation between ADL independence or physical activity levels and regular dental examinations. 32, 33 Despite the importance of oral health for a good quality of life, oral care can be ignored in the acute rehabilitation phase after stroke. After discharge, patients with oral diseases cannot access oral health care easily if they are not functionally independent.
To provide these patients with the opportunity for timely treatment, oral care should be administered in consultation with dentists during hospitalisation. However, oral history-taking in stroke patients may be difficult because of impairments in consciousness and cognitive function. Zhu stated that the oral health status of stroke patients with impaired consciousness could be understood from their caregivers. 34 Because the oral health status of several stroke patients can be accurately identified through caregivers, oral care services for stroke patients with impaired consciousness and cognitive function should be provided after consultation with caregivers.
This study has several limitations. First, the stroke diagnosis was based on subjective answers rather than medical data, and the possibility of inaccurate answers cannot be ruled out. Second, although there are various indicators reflecting oral health status, we only measured oral health status in terms of the number of teeth that exhibited caries. Third, the present study did not reflect the type of food eaten or the masticatory and cognitive functions of the patients. Fourth, because studies investigating oral health in stroke patients are lacking, we performed the present study by referring to previous studies involving elderly individuals in a similar age group. Fifth, in the evaluations of ambulation and personal hygiene, the number of patients who were totally dependent for given physical functions was smaller than that of patients who were functionally independent, partially or wholly. Sixth, this study did not evaluate the Modified Barthel Index, the use of mobility aids or the type of mobility aids used in the partially dependent group, thereby necessitating further investigations on the association between these variables and the oral health status and oral hygiene practices. Despite these limitations, we used large-scale national data to determine that patients with stroke exhibit a poorer oral health status and inferior oral hygiene practices than do patients without stroke and that such inferiority in oral health and related practices was closely associated with the ambulation level and functional independence. These results provide useful fundamental information concerning oral health training designed for stroke patients.
| CON CLUS IONS
There were differences in oral health status and oral hygiene practices, according to ambulation level and functional independence, in the stroke patient group. These results indicate the need for oral care for stroke patients who exhibit ambulatory and functional limitations.
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